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Richard Ziehm, President
Frecision Extrusion Company
720 E. Green Avenue
Bensenville, IL &0106&6

Dear - Mr.Ziehm

| would |ike to thank youw and Mr. Cramer for your assistance |n
the Department of Energy’s investigations regarding past Atomic
Energy Conmi ssion activities at your Site. Aas | indicated based
on the records we have identified and my discussions WwWth you,
we have concluded that there is little potential for residual
contamination at your facility. At a result, We are closing our
i nvestigations with regard to the Preci si on Extrusi on Company.

As per vyour request, enclosed are copies of the records we
discussed in our telephone conversation of November 13, 1987, If
yvou have any questions regarding this material please call me at
(1) ASE-5439. :

sincerely

Andrew Wall o
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IV, Pourdng Texperature

mmmtusrwnm,mm'wwu
used, is approximately 50°C. When the eluxinum and lithium are charged
_hthmcihhumhm,mmmmfm_mmlm
.uqummnng-‘t)oo-moo‘c. o : - : '

A and sises have Deen tried., The
pragtical mold to date has been a 5" I.D. low-carbon steel mold with
. suiteble mold washes ave found,

though the most suitable bas besn 2r02 suspendsd in bufyl aloohol.

£
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After removal from the molds the billets are prepared for extrusion
in the following menner: :

1, 7Ths bhot top sestion sxd a slioe fyom the bottom are cut froa the
billets and are used for amslytieal eamples.

2, The billet surfaces sre machined clean of any porceity, uswally
requiring a cut of from 1/4" to 1/2* from the diamster oa 5*
bdillete,

this progrem emocugh alloy was
and machined slugs to Hanford far radiation purpeses,

:
:
!
:
;
:

Although production responsibilities of the slloy have been transferred.
to HBanford, it is not felt that sufficient work has been done on the subjects
of mold material, mmmm,mwamummim
billsts of sufifisiently good suwrface to allow their extrusion without machining.
Billet diamster is oritical as good 3" billets have been sasily reproduced
vhereas 57 billets have not, generally requiring frem and aighth inch to over
one-half inch of metal to be machined from their ocutaside diamsters to remove
surface defects beflare axtrusiom,
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During the ccurse of the jrogram, arucibles having wall thicknesses
\ 4

usad for 3 billsts., Excellent results have been cbtained
by using & 8iC, clay-bended graphite, unglased orucidble, #60, made by the
Jossph Dixon Crucible Coopany, Jersey City, New Jersey, Other suppliers make

a aruaible of similar type bdut mcat of theam use & boroasilioa’s glawe which
badly echtaminates the resultant alloy with highly undesirsbls boron. Dixom
arucibles can be used for eight to ten melis, and although they are still in
exgellent oondition generally, the stopper rod holes are badly snlarged
bacause ¢f gleaning dawage. 1t is sometimes necessary to drill a little
larger hols in the eruoibles to clean them, and it is alvays necessary to
resest the crucible with s &° reamsr, which matghes the taper machined on
the ends of the stopper rods. 4 5/8" hole is usmelly é@rilled in a new
erucdbla for the first selt. MgO arueiblss, including a high purity A-312

A musber of stopper rods have also been tried, vamely: high fired
BeO, alundum, S1C,, AGHT graphite and graphite of questionable histary,
Difficulty had been axperienced with stopper rods fracturing during melting
and shifting of the chergs, This was true of Bel, slundum, questionsble
grarhite, ard 840, rods, necessitating their sbendonment. Zhe 8iC, rods,
mads from globars, failed the rods break at the junetion of the globar
elemoent snd the end elezent when the rod This
failure, poculisr to this rod, is dus to the msthod of menufacture cf the
globar, The AGRT graphite rods give excellent service and it was found they
ecould be used for at loast five %o
a glight cut from the seating end of ths rod
3/4* to 1Y in diamgter and fyom 18% to 20" long, The AGET rods ean be used
soall as 3/4° in diamster, with mo fallure, but it is well to
a 1" rod, as the cleaning operstion removes a little each time
(Pigure 3 shows type of feilure in graphite rods of questiomabls history,)

]
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¥clds hove been made of & number of different materials, namely low
carbon steel, porous alundum, pyrex tubing and graphite of unknown tyre and
denpity, Variable wall thickresses of from 14" to 11/16" have been tried
with graphite molds, to influence the sclidification ratee, with consistently
pocr results in regard to surface quality, with or without the use of mold
washeg, Excellant billets have been cast in alundum tubes which ere percuas
and allow gases to pass through, and vhich also allow slow cooling rates,
Alundum tubing is expensive snd can be used only onoe, ss it aracks upon
solidification of ths allcy, and sust De envesed in grephite for strength and
to prevent loss from leskage in cese the slundum ersaks before the metal
polidifies, Fyrex glass tubes yroduce good billets with excellent surfaces;
however, the glase resets slightly with the bdillet surface lsaving s hard
glasay orwhinhspdllotf,endugwingml Pyrex tubing iz also
expensive, can be ussd only once, and requires the sams handling as alundum,
Cylindrical low carbon steel wolds bawe prodused billets having the best
‘consistent surface qualitiea, Although the first billets cest in the latter
molds d1d not have sxcellent surfase quslities, it was found that the muxrfaoce
porosity did not penetrate the billsta deeply snd that the swrfaces could be
cleansd up by machining sozetimss less than 1/8° froa their diamsters, Al-
though all molds tried are heated to some degres at their upper hot topped
endsg, beoange they enter the fringes of the fisld produced by the induction
muwruumnlmg,mmmummmammm
mld intentionally hsated with an externsl furmace to 265 C. Two of these
wers excellent, the other mlted from sarsp wlloy was of poor quality, but
it is not known tbhat the poor quality was relatsd to the mold texpsreature,
It ig felt that the use of heatsad molds sheuld be further explored, The
extarnal beater used on these molds was & resistance wound furnace, encased
in sheet metal, with the lesads being passed tlxough the bottom of ths induetion
farnace by means of spscial vacuum commectors, soldeved in the furmace botionm,
and ths lends then sesled with a vacmm sealing wax. (Figure 4 is a ploture
ofhsaterandtvpoo connegtors used,) The graphite and low carbon stesl

molds, the only mo bot topped, are hot topped by placing s piece of alundun
tubing 5 to & in s oounter bored section inside the top of each mold,
(Pigures 5 and 5-a sre plotures of hot topped low carbon steel meld.) Cleaning

ofthaatoolmld:l.n dilute HCl is necessary, at least after every third
cagting, It is felt that an attempt should be made to use a sand mold,
possibly baked to strengthen and remove moisture, and snoased in a graphite
slseve for further protection, Thia mold, mads from ordinary foundry sand,
might possibly similats the slundum molds and oould be expendable or broken
up to be remolded,

¥old Waphes

A mumber of mold washes have been used in oconnsction with mold testis,
Very poor results were cbiained with Zr0, in sheliaso, high purity g0, and
PbO;., The better washes, on any mold, were Al0y, IrOz, and a wash used
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somzercially composed of Hag5iOs3, Cally and water wpplied to the steel mold

heated to 235°C, Unless otherwise, all of the above were suspended
in butyl alochol. Ais stated before, use of a wash is not necesasry, but cne
mey be ussd i€ billet removal becomes difficult,

Charging lochnigue

If not protsetad frox the atmosphere w
and burn, 80 it was nscessary, in soms wy, to get the
with the alumirum while still protescting the lithiunm
resums/af the first attespts %0 make the alloy, The
2slta were made by melting the aluminum under a LiG1
and by adding the lithium either ensased in aluminua
under ths aluxmirmm with an iron plunger umtil it melted, Although it was

with the erucible, At this poinmt it was deaided to machine gpoas aluxinum -
bombs to be f£illad with lithinm in the ecorrest proporticn to form the desired
alloy upon melting, 7he lithium sealed in the aluminum bosbs would be pro-

tected from evapcration end axidstion during the pariod it takes to melt
slusinum, and it was aiso felt this method would help to

oore unifcrmly in the melt and xinirdsze the posaibility of td

25 alumingm bozbs were mashined from 2% dismeter rod stock, 11" long with a
hole 0.920" in diamster by 10" desp, so that to
top of the machined hole with molten lithimm would autometically combine the
twoc slsments at four weight perocent lithivm, A 2° thresded cap seals the top:
of the bosd (Figure 6, gketch of bomb), Of _

to pelt the lithiux befure powring it into the alumirmum bembs, This was
first socoxplished through the use of Dov Corning Corporation silioccms fluids
of the sariss 200-500, as it was found lithium gould bde frotectsd from atmos-
pherie ocombination through the

4
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DC-500 silioone fluid, ig screwed into plece. FWarz dry sand ia kept in
readiness to extinguish small firea resulting from spillls that might oo
dwring this operstion, end it ia s good poliay to provide a steel tray
beneath ths equipmsnt to [wevent the 1lithiux from contacting the cemen
floor, Although this erucibls will hold sufficisnt lithicm to £411 about
40 boxbe, holding approxizstsly 65 grams each, usually only 20-25 bombas
are f£illed at a time for safety precautions, o
cxide and metal left behind, f{s acocmplished, Letweon melts, by taking it
from the building without the 1id send £4lling it quickly with water, This
is done Ny standing behind a shelter and using s water hoss. The bkols in
the botton of the arucible is first plugged so that the !
out, making it possible to £111 the cruaibls, The

the orucible until all reaction occases., This is a

but is the only quick procedure found,

Tovard the end of the rrogran, after satisfastory crucibles and
stopper rods hed been cbtzined, two castings ware again trisd without £illing
aluxdrum borbs with lithium, the regulur prectios, by adding the alumirce
and 1ithiux seperately in sclid forz and vacuun meliing at a pressurs of
approxizately 300 sicrons, Thare was no reaction with the Dixon erucidbls,
such as wap encountered with ell othar erucibles, snd culy 0,3% lithium was

loat in these billets, indicating that this teckmique was sstisfectory and
could be immediately edopted,

E
|

The operstion of the micarta tube vacuum furnace may best be
dasaribed by listing the steps neoessary to mke a casting, Assunming that
the c¢yole degins with the furnace saply and the top and bottom plstes
rexoved, the staps in the furnaoce operation are as follows:

1, Ths mold i3 placed on the furnace bottom plate,

2, Thomaibhhph&dnmm:m,mmminmwbhb
slevated into the furnece,

3. 7The botton rlats is boltad to the bottom of the furmaoe,
4, The chargs is top loaded into the crucibls sround ths stopper rod.
5« The mrucible cover and top insulating bricks are put in place,

5. mﬁrm«topphtcompﬁtintopuition,thoudoftho

steel atopper rod extensicn being pushed through the Wilson sesl
in the axxilisry top plate,

7. Ths furnaos is evacunated, or an insrt atacsphere is admitted i€
desired,

Ty
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8. The is melted and hrought to the proper casting temperature,
S00- C. The temperature is réad through the glaess window in
the auxiliary top plate with an optieal pyromoter,

9, The molten charge iz allowed to run into the mold by pulling up oo
tke stopper rod.

10, After the crucible has ocolsd tc a black or dull red tezperature,
argon is sdmitted to the furnace, and the top plates are removed,

11, Tho stopper rod, top btricks and cover are removed from the arucible,

12, The botton plate is unbolted and the plats, =mold, and crucidls are
lowered out of ths furnace, The furnaee is nmow ready for resssembling
for making another easting, Figere 10 sghows furnace bottom with mold
and heater,

The current used for heating the vacuuam induction furnaces is 3000
aycle, 400 volt 4,C, and is supplied by a 50 KF air eocled Westinghouse Motor-
Generstor set, The capacitanse for the kigh frequenay circuit is supplisd by
& bank of five multi-tap water oooled eapagitors, In operating a furnaocs, the
occorrect amount of capacitance is placed in the olrcouit to give a power faotor
as near to unity as possible, Thes high frequenqy current is carried to the
furnaces by a bus-bar system, Each furnace is equipped with knife switches
s0 that it ocan be easily oonnected to or disoommscted from the main bus line,
By means of 2 control penel any power to

output of the genorator can be obtained quiockly end eaaily. The gemern
and capscitor bank are fully protected by overload relays,

The furnaces are equipped with a menifold
sain vaowum line and the lines to the furnaces are ma
stoel pipe, All threaded joints are packed with a litharge and glycerin
mixture, Each furnsce iz equipped with ite
gangs, A main line valve is located at the pump, and a Moleod Geuge 1s placed
in the line for obtaining acoumrats pressure resdings,
main line have Protect-O-ibtor Pilters installed., Each furnaee has e blsed-off
valve s0 that the vacuua in any unit can be Droken without allowing air to
sentar the mair line, Also, these bleed-off walves are used for admititing inert
atoospheres into the furnece,

g
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The vaouum pump now in use is & Kimney 105 oublc frot per mimute, water-
00o0lad pusp, This puxp 4s capeble of producing a vaouum of about 15 mderons
pressure, A vammz of 200-1000 microns is cbtaineble in the melting furnaces,

Analysis

Good adherence to desired analysis has been obtained, during the
program, as i8 shown in the tables., Heates M6 and K56 are high in
lithina are belisved to he dwe 10 & lesking rod which allowed soro

stopper
lithium to run into the mld o solidify before the reminder of the charge
wes poured, Sozs of ths billets inalnded on these tables were @mmade by melting
screp obtained from previocus uillsts, extrusion skulls, ets,, and after re-
nalting 4t wes found that omly 0.15 1ithium had been loat. The percentage of
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major ispurities such &s iron, copper and boron heve besn lowsred by &
large factor since vacuur melting was adopted,

Extrusion

Extrusion of the alloy has presented mo problea in either the 3" or
5" billlets, After machining, to alear up thedr surfeoss, the billats were
taken to an outside concern for extrusion, the 3* hHillets having beem -
extruded by the Precisicn Extrusion Oompany, Bensonville, Illinois; and the
5" b1llets by the Detroit Gagket and Merufaoturing Coxpany, Detroit, Michigan,
Eost of the alloy has been extruded from 5™ billets and the data 18 o8’
follows: prehest time takes sbout 20-30 minutes to regch the lowest satle-
factory extrusion temperature which is between 210-260 C, The temperauture is
considersbly higher, of ocourse, in the prehsat furnace Atself, a muffle type
patural gas-fired furnece, V¥e have found that rods can be extruded without
using & lubricant on the die, providing the die 1s polished after about ten
extrusions, The lubricent, when used, is graphite in oil, Extrusion
pressuree for 5% billets runge betwsen 3000-4000 psi rem pressure, Thie is
on & 1000 ton preas with & 5 3/4" diameter container end a 27,165 diameter
ran, Extrusion temperature for the 3* billets is about the same as for the
5", poeaibly a 1little lower, and they push easily on a 250 ton press. Rode
ere axtruded through a 1,375 dismeter dell acuth type dle, and upon ccoling
shrink to approximately 1,2". They are than streightensd on a stretah
strefightensy, this operetion reducing the ter again to approximately
1.363®, The rods are then cut into 22 langths end returned to our mschine
shop where thay ere cut to slug length, machined to 1
packed ir sluminum cans for protection and ghipped to Henford, Tashingtoa,
The die sizs shounld be at least .010"° larger to allow more metal for
machining purposes, :

GO'K:RAN; jmb
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Rer  EXTRUSION OF MENT TUEES (Sectdons ANI-4520, p.20)

Fuol channel tubes and the corresponding fusl jackets heve been
extruded at Precision Extrusions and at the Alr Forces Expsrimental Mathods -
Plant at Adrian, Michigan. A contrect hes bosn let with the latter organi- = —
vatdon, and we are now working with them on three and four tubn webbed :
clusters to be extruded frem 25 and 638 aluminum alloys. A stoekpile of
extrusion billets 12 now being set up to provide for m dependstle supply of
material. ) '
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